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© Laser profiling of lens edge. 
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© A method for forming a curved edge (19) on a lens (11) comprising the steps of providing an annular laser 
beam (17) and irradiating a first peripheral region (Figure 3) of the lens (11) with the laser beam (17) to remove a 
layer of lens material from the first peripheral region through ablative photodecomposition. Next, a second 
peripheral region (Figure 3) of the lens (11) is irradiated with the laser beam (17) to remove a layer of lens 
material from the second peripheral region. 
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The present invention relates to a method for producing a curved or rounded edge on a lens, in 
particular a contact lens. 

According to the invention there is provided a method for forming a curved edge on a lens comprising 
the steps of providing an annular laser beam, irradiating a first peripheral region of the lens with the laser 
5 beam to remove a layer of lens material from the first peripheral region through ablative photodecom- 
position, and irradiating a second peripheral region of the lens with the laser beam to remove a layer of lens 
material from the second peripheral region. 

In a preferred form of the invention there is provided a method for forming a curved edge on a lens 
wherein the first peripheral region of the lens is irradiated for a first number of laser shots, the internal 
10 diameter of the annular laser beam is changed to expose the second peripheral region of the lens 
irradiating the second peripheral region of the lens, with the annular laser beam for a second number of 
laser shots, wherein said second number of laser shots is greater than said first number of laser shots. 

Preferably, the internal diameter of the annular laser beam is increased in a plurality of small steps with 
the number of laser shots to which successive peripheral regions of the lens is exposed being increased at 
75 each step. 

The fluence of the laser beam is preferably maintained constant during exposure of successive 
peripheral regions of the lens. 

In one embodiment of the invention the annular laser beam is produced by imaging a mask onto a lens. 
The mask is preferably a circular disc. 
20 In another embodiment of the invention, the annular laser beam is produced using a lens/axicon 
combination. 

An embodiment of the invention will now be described by way of example, with reference to the 
accompanying drawings, in which; 

Figure 1 is a schematic representation of one optical arrangement for forming a curved edge on a lens 
25 according to the invention; 

Figure 2 is a schematic representation of another optical arrangement for forming a curved edge on a 
lens according to the invention; 

Figure 3 is a schematic representation of the steps cut in the periphery of a lens according to the 
method of the invention; 

30 Figures 4, 5 and 6 are scanning electron microscope photographs of profiles cut in various samples; 

Figure 7 is a schematic representation of a further optical arrangement for forming a curved edge on a 
lens according to the invention; 

Figure 8 is a schematic representation of yet a further optical arrangement for forming a curved edge on 
a lens according to the invention; and 
35 Figure 9 is a scanning electron microscope photograph of a profile cut in the edge of a flat sheet of a 
PMMA sample. 

Referring now to the drawings, wherein similar numerals have been used to indicate like parts, there is 
shown in Figure 1 one optical arrangement generally indicated at 10 for forming a curved edge on a contact 
lens 11. A laser beam 12 is produced by a suitable laser 20, and the fluence of the laser beam 12 is 
40 controlled by a focussing lens 13. As shown, the laser beam 12 is brought to a focus 14 in front of a disc 
shaped mask 15 and the laser beam then diverges towards the mask 15. An imaging lens 16 is located 
between the mask 15 and the contact lens 11, the imaging lens 16 serving to image the portion 17 of the 
laser beam 12 which passes around the mask 15, on to the periphery 19 of the contact lens 11 . 

The use of the mask 15 between the focussing lens 13 and the imaging lens 16 serves to produce an 
45 annular laser beam 18 which irradiates the periphery 19 of the contact lens 11, the laser beam 18 having 
with a well defined inner diameter. 

A similar arrangement is illustrated in Figure 2 but in this case an axicon lens 21 is used together with 
the focussing lens 13 to produce a ring shaped (annular) laser beam with a desired fluence, at the mask 15. 
The axicon lens 21, which in this example produces a converging beam, ensures a more efficient use of the 
so laser energy as the axicon lens/focussing lens produces an annular laser beam. 

It will be appreciated that the type of laser used and the fluence value of the annular laser beam 18 will 
be such as to provide a suitable laser energy to enable controlled removal of material from the periphery 19 
of the lens 11 through ablative photo-decomposition. The rate of ablative photo-decomposition will of course 
depend upon the wavelength of the laser beam, the fluence of the laser beam, the number of shots 
55 (pulses) of the laser beam to which the lens is exposed and of course, the material of the lens 1 1 . 

Referring now to Figure 3 the operation of the method according to the invention will be explained. The 
imaging lens 16 is positioned so that the annular laser beam 18 at the contact lens 11 has an internal 
diameter D1. Thus, the periphery 19 of the lens 11 outside the diameter D1 is exposed to the annular laser 
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beam 18 and the region of the lens within the diameter D1 is not exposed to the annular laser beam 18. 
Therefore material M1 from the periphery 19 of the lens is removed through ablative photo-decomposition. 
The removal of the material M1 from the periphery 19 of the lens results in a small step S1 being formed 
on the lens surface, as shown in Figure 3. Next, the internal diameter of the annular laser beam 18 is 

5 increased to D2 by adjusting the position of the imaging lens 16 and the process is repeated. Thus, the 
periphery 19 of the lens 11 outside the diameter D2 is exposed to the annular laser beam 18 and the region 
of the lens within the diameter D2 is not exposed to the annular laser beam 18. Therefore material M2 from 
the periphery of the lens is removed through ablative photo-decomposition. As before, the removal of the 
material M2 from the periphery 19 of the lens results in another small step S2 being formed on the lens 

w surface, as shown in Figure 3. 

The internal diameter of the annular laser beam is controlled by moving the imaging lens towards or 
away from the contact lens 11. With this arrangement the imaging is only approximate but it is believed that 
this has the advantage of blurring the imaged edges of the mask so that the steps S1 , S2 shown in Figure 3 
are not clearly defined. 

15 It will be appreciated that while only two irradiation steps are described above, in practice a large 
number of steps Sn each with a very small increase in the internal diameter of the annular laser beam are 
used. Furthermore, at each successive irradiation diameter the number of laser shots is increased to 
produce the desired curved edge. Thus, the number of laser shots used at diameter D2 is greater than the 
number of shots used at position D1 and therefore the step S2 is of greater depth than the step S1. This 

20 increase in the depth of the successive steps, outwardly towards the edge of the lens is necessary to 
produce the desired curved edge. As expected, an equal number of laser shots at each irradiation diameter 
produces a straight sloping edge. 

In the following examples a Lambda Physik 102 MSC Laser was used operating at a wavelength of 193 
nm with a pulse length of 20 ns. In view of the limited energy available from this laser it was only possible 

25 to irradiate part of the edge of the contact lens. However, a complete irradiation of the periphery can be 
obtained by rotating the contact lens sample through one or more revolutions for each position of irradiation. 



EXAMPLES 



30 An initial experiment was carried out on a Perspex (RTM) sample which has photoablation characteris- 
tics that are broadly similar to some of the hard contact lens materials. A stepped profile, with increasing 
step height was produced as is shown in Figure 4. In this example, the following sequence of laser shots 
was used at the respective diameters of the laser beam. 
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Diameter of Laser Beam 


No. of Shots 


Di 


1 


I"]) j "4" d 


2 


Di + 2d 


4 


Di + 3d 


8 


Di + 4d 


16 


Di + 5d 


32 


Di + 6d 


64 


Di + 7d 


128 


Di + 8d 


256 



where Di is the initial diameter and d is approximately 50 jam. The increase in the internal diameter of the 
annular laser beam is achieved by moving the imaging lens 16 away from the lens 11, by approximately 2 
mm at each step. In order to produce a smoother profile the step size was reduced and the following 
sequence of laser shots was used at the respective diameters of the laser beam. 
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Diameter of Laser Beam 


No. of Shots 


Di 


1 


Di + d 


2 

I— 


Di + 2d 


3 


Di 4" 3fi 


4 


Di + 4d 


5 


Di + 5d 


6 


Di + 6d 


7 


Di + 7d 


8 


Di + 8d 


10 


Di + 9d 


13 


Di + 1 0d 


17 


Di + 11d 


22 


Di + 12d 


28 


Di + 13d 


35 


Di + 1 4d 


43 


Di + 1 5d 


52 


Di + i6d 


62 


Di + 17d 


73 


Di + 1 8d 


85 



where Di is the initial diameter of the laser beam and the initial diameter is increased in multiples of d which 
is approximately 25 urn. The increase in the diameter of the laser beam is achieved by moving the imaging 
lens away from the lens 1 1 by approximately 1 mm at each step. The result is shown in Figure 5 which 
illustrates a much smoother profile. 

A hydrogel sample shown in Figure 6 was cut from both sides by rotating the sample through 180° and 
repeating the cutting operation. The alignment of the two cuts is not perfect but this is due to some 
inaccuracy of the rotation apparatus which was used. With sufficiently accurate location equipment there 
would be no difficulty in producing properly aligned profiles cut from each side of a lens. 

It will be appreciated that the method described with reference to Figure 3 may be carried out in 
reverse i.e. by first irradiating at a large diameter of the laser beam, and successively reducing the diameter 
of the laser beam. 

Referring now to Figure 7 of the accompanying drawings there is shown therein a further optical 
arrangement for forming a curved edge on a lens using a diverging axicon lens. As shown, a laser beam 12' 
is directed through an aperture 30 in a plate 32 and a focussing lens 13' and diverging axicon lens 31 are 
used to produce an annular laser beam 18' which is directed onto the periphery 19 of a contact lens 11. 
This particular arrangement is advantageous in that light rays from the edge of the aperture are imaged to 
the inner edge of the annular beam to give a sharp radial variation of laser fluence at that edge. The 
innermost diameter of the annular laser beam is increased by decreasing the separation of the lens 13' and 
axicon lens 31 . Conversely, the innermost diameter of the annular laser beam is decreased by increasing 
the separation of the lens 13' and axicon lens 31. 

In use, this optical arrangement is used to perform the method described above in relation to Figure 3. 

A further optical arrangement is illustrated in Figure 8 which utilises a converging axicon lens 21'. A 5 
mm circular aperture 30' in a plate 32 is used to select a uniform region of the laser beam 12', from an 
excimer laser operating at 193 nm. The total energy in the annular beam was 17 mJ/pulse. The optical 
arrangement was used to cut a curved edge on a 1 mm thick flat sheet of pure PMMA 35. A curved edge 
profile (Figure 9) was cut by decreasing the separation of the axicon lens 21' and focussing lens 13' by 
moving the axicon lens in steps and using the following sequence of laser shots, where Di is the initial 
diameter of the laser beam and the initial diameter is increased by multiples of d which is approximately 55 
urn. 
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Diameter of Laser Beam 


No. of Shots 


Di 


40 


Di + d 


60 


Di + 2d 


80 


Di + 3d 


115 


Di + 4d 


150 


Di + 5d 


225 


Di + 6d 


300 


Di + 7d 


550 


Di + 8d 


1200 


DD + 9d 


1800 



As shown in Figure 9 a curved edge of acceptable quality has been formed. 
Claims 

1. A method for forming a curved edge on a lens comprising the steps of providing an annular laser 
beam, irradiating a first peripheral region of the lens with the laser beam to remove a layer of lens 
material from the first peripheral region through ablative photodecomposition, and irradiating a second 
peripheral region of the lens with the laser beam to remove a layer of lens material from the second 
peripheral region. 

2. A method according to claim 1 , wherein the first peripheral region of the lens is irradiated for a first 
number of laser shots, the internal diameter of the annular laser beam is changed to expose the second 
peripheral region of the lens, irradiating the second peripheral region of the lens with the annular laser 
beam for a second number of laser shots, wherein said second number of laser shots is greater than 
said first number of laser shots. 

3. A method as claimed in Claim 2, wherein the internal diameter of the annular laser beam is increased 
in a plurality of small steps with the number of laser shots to which successive peripheral regions of the 
lens is exposed being increased at each step. 

4. A method as claimed in Claim 2 or 3 wherein the fluence of the laser beam is preferably maintained 
constant during exposure of successive peripheral regions of the lens. 

5. A method according to any preceding claim wherein the annular laser beam is produced by imaging a 
mask onto a lens. 

6. A method according to Claim 5 wherein the mask is preferably a circular disc. 

7. A method according to any one of Claims 1 to 4 wherein the annular laser beam is produced using a 
focussing lens and axicon lens. 

8. A method according to Claim 7 wherein the axicon lens is a diverging axicon lens. 

9. A method according to Claim 7 wherein the axicon lens is a converging axicon lens. 
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FIG. 8 




FIG. 9 
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